Lipoxygenase activity is critical for the development of flavours and aromas in olive oils. We have partly purified isoforms of molecular mass 95 kDa that have activity against linoleic o r alinolenic acids by a simple procedure from olive callus cultures.
Introduction
Lipoxygenases (LOXs ; EC 1.13.1 1.12) are enzymes that are ubiquitous in both the plant and animal kingdoms [l] . They catalyse the oxygenation of polyunsaturated fatty acids containing a 1,4-Z,Z-pentadiene moiety using molecular oxygen. T h e LOX pathway is critical in olive fruit for the formation of various volatile flavour or scent components of virgin oil that give rise to its characteristic taste and organoleptic properties. T h e pathway can be studied conveniently with tissue-culture systems, which have been shown to be reliable and appropiate for such work [2] .
Experimental
Olive (Olea europaea L.) callus cultures cv. Picual and Coratina were established and acetone powders were prepared and then solubilized as described previously [3] . T h e soluble fraction was concentrated using a Macrosep 30K centrifugal concentrator and LOX activity was routinely assayed spectrophotometrically at 234 nm [4] . A 3&60 yo saturated ammonium sulphate cut was loaded on to a DEAE-Sephadex A50 column previously equilibrated with 20 m M phosphate buffer (pH 7.2). LOXs were eluted with a linear gradient (0-0.5 M ) of sodium chloride [4] . SDS/ PAGE of the protein preparation was on 7 . 5 % acrylamide gels [5] . Western blotting was as reported previously [6] using polyclonal antibodies raised against purified pea L O X as a primary antibody and alkaline phosphataseconjugated anti-rabbit IgG (Sigma) as a secondary antibody. Table 1 shows data for the purification of olive callus LOXs. T w o distinct peaks of activity against linoleate were detected (designated peaks 1 and 2) with the latter peak possessing the higher specific activity. Peaks 1 and 2 were purified 48-and 5 5 -fold from the starting material, respectively. Peak 1 had an apparent K , value of 80 pM for linoleate at p H 8.8, whereas peak 2 had an apparent K,, value of 43 pM, consistent with them being separate isoforms.
Results
T w o peaks of LOX activity were likewise detected when a-linolenic acid was used as substrate, although the optimum p H was lower (Table   1 ). T h e purification factors were rather similar to those found for linoleic acid, and the total recovered activity was, again, evenly distributed between the two peaks. Unfortunately, MichaelisMenten kinetics were not obeyed when unesterified a-linolenic acid was used as substrate, because sigmoidal-shaped curves were repeatedly observed (results not shown). T o verify that this was a substrate effect, we also used free linoleic acid as substrate. In this case Michaelis-Menten kinetics were obeyed and a K , of 30 p M (for peak 2) was recorded, in reasonable agreement with results using sodium linoleate. These data suggest that there were difficulties for the formation of the enzyme-linoleate complex at low concentrations.
Peak 1 was found to have a molecular mass of 95 kDa, as determined by SDS/PAGE and Western blotting (Figure 1) . This result was in close agreement with previously published data for other plant LOXs, e.g. soya bean [7] and cucumber [8] . However, there was evidence in the solubilized acetone powders of a 50 kDa fragment with crossreactivity on Western blots (results not shown). Interestingly, this smaller fraction was active, but highly unstable. 
Discussion
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